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ABSTRACT

A fractionation scheme has been developed to
separate diesel fuels into neutral water solubles,
acidic components, basic components, saturated hydro-
carbons, substituted benzenes, polycyclic aromatic
hydrocarbons, and polar neutrals. A sample of conven-
tional petroleum diesel fuel and a sample of diesel
fuel derived from Paraho crude shale o0il by the Gary-
Western process were fractionated by this procedure.
Each fraction was further analyzed by gas chromato-
graphy and proton magnetic resonance spectroscopy.
The petroleum sample was found to contain 17.8% total
aromatics of which 9.5% were polycyclic aromatic
hydrocarbons compounds., However, the Paraho-Gary
Western shale o0il fuel contained about twice as much
total aromatics (38,2%) and polycyclic aromatic
hydrocarbons compounds (19.3%). The total acyclic
hydrocarbon straight chain compounds content was
66.7% for the petroleum sample and 59.3% for the
Paraho-Gary Western shale sample, Suggestions for
further work are also made.

ADMINISTRATIVE INFORMATION
This work was accomplished under Program Element 62545N, Task Area

ZF45451001, Work Unit 2831-162,

INTRODUCTION

It is the policy of the U.S. Navy to develop a source of energy independent
of conventional petroleum fuels, Possible alternatives to these petroleum fuels
are fuels derived from shale and coal. However, it is possible that the composi-
tion of these alternative fuels may differ from conventional fuels,

Of particular importance are fractions of fuels that contain polynuclear
aromatic hydrocarbons (PAH).* Some of these organic compounds are carcinogenic
and others are suspected of being carcinogenic.

Since fuels contain mixtures of hundreds of compoundsl’z** some type of prior
fractionation must be done before the PAH compounds can be ana]yzed.B'A Even then
the PAH fractions are very complex mixtures that contain at least 200 compounds

of which only about half have been identified to date.B’

*A list of abbreviations used in this text is given on page iv.

**%A list of references is given on page 15.
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A fractionation/extraction scheme was sought that would divide the mixtures
into smaller classes of hydrocarbons and permit an insight into the compositional
differences between conventional petroleum fuels and fuels from shale and coal.

The fractionation scheme developed is an adaptation of the methods used in the
petroleum industry, and it is fully outlined below.

In this study a shale diesel fuel is compared with a petroleum diesel fuel,
The shale sample analyzed was Paraho-Gary Western shale oil produced from Paraho
crude shale oil by the Gary-Western process, using delayed coking to increase the
vield of the distillate. It should be kept in mind that there are other processes
which may give products of different properties and that the Gary-Western is not
representative of expected commercial practice; hence the composition of the fuel

produced by Gary-Western may not be typical of the shale diesel fuels expected in

the future,

EXPERIMENTAL RESULTS AND DISCUSSION
One gallon samples of conventional diesel fuel (PA-O) and Paraho-Gary Western
shale dicsel fuel (SB-0) were obtained from DINSRDC. These samples were stored in
the anteroom of a cold room at about 8°C. Portions (200 g) were removed for
analysis after careful mixing to ensure representative samples. Combustion
analyses of these samples for percent carbon, hydrogen, nitrogen, sulfur, and

oxygen are shown in Table 1,

TABLE 1 - ELEMENTAL COMBUSTION ANALYSIS
OF DIESEL FUELS*

1
Sample %C %H %N %S %0 Total (%)
SB-0 85.74 12,60 0.23 0.56 0.74 99.87
PA-0O 86.14 13,03 0.01 0.60 0.15 99.93
*
Analyses performed by Galbraith Laboratories, Knoxville, TN.
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Two main differences are discernible. The shale sample (SB-0) has signifi-
cantly larger percentages of nitrogen and oxygen while the carbon, hydrogen, and
sulfur contents are similar.

The fractionation procedure used here is a scaled-down adaptation of the
methods of Thompson1 for coal liquids and high-boiling petroleum distillates.2
The scheme is shown in Figure 1.

The original diesel fuel sample (200 g) was extracted with 1.5N NaOH in 1:1
methanol/water (5 x 50 ml), yielding an oil layer and an aqueous layer, which was
extracted overnight in a continuous liquid-liquid extractor with ether (250 ml).
Evaporation of the ether gave a moist residue, which was redissolved in ether
(100 ml), and the water separated. Removal of these ether gave Fraction 1, which
should be the neutral and basic components soluble in 1:1 methanol/water. The
basic water layer left from the above ether extraction was neutralized with HCl
to Litmus end point and again continuously extracted overnight with ether (250 ml).
Evaporation of the ether gave Fraction 3, which should be the acidic components,
The remaining water layer was freeze-dried to give salts (Fraction 2), A flame
tvst on Fraction 2 did not burn or exhibit any charring, revealing that no organic
components were present, The salts of Fraction 2 were then discarded.

The oil layer was then further extracted with 1.5N HCl in 1:1 methanol/water
(5 % 50 ml), yielding an aqueous layer and an oil layer (Fraction 6), which was
dried over anhydrous MgSOA and divided into two equal parts (Fractions 6A and 6B).
The aqueous layer was neutralized with NaOH to ph8 and continuously extracted
overnight with ether (250 ml), Evaporation of the ether gave a sticky moist
residue which was redissolved in ether (100 ml), Separation and evaporation of
the ether pave Fraction 4, which should be the basic components not soluble in 1:1
methanol/water. The aqueous layer was freeze-dried yielding salts (Fraction 5)
which did contain organic components as shown by a flame test,

Nitrogen gas was passed for 20 hr over Fraction 6A, placed in a round-bottomed
flask which was heated in an oil bath at 59#1°C. The volatiles (Fraction 7A) were
collected in a liquid nitrogen-cooled glass cold-finger trap. A Drierite tube was
ottached to the exit of the trap to prevent water vapor from condensing back into
the trap. The oil remaining in the flask (Fraction 8A) was divided into five equal
portions so that each portion now represents one-tenth of the original diesel fuel

sample,
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200 g SAMPLE
NO. 0
EXTRACTION W/ 1.5 NaOH in
1.1 MeOH/H,0 | (5 X 50 m1)
WATER LAYER OIL LAYER
CONTINUOUS | EXTRACTION EXTRACTION WITH] 1.5N HCl in
WITH | ETHER 1.1 MeOH/H,0 | (5 X 50 m)
ETHER WATER OIL LAYER WATER LAYER
NEUTRALIZE} WITH HCI, NEUTRALIZE|WITH NaOH,
CONTINUQUS | EXTRACTION CONTINUOUS | EXTRACTION
WITH | ETHER WITH|ETHER
EVAPORATE ETHER WATER
NEUTRAL AND WATER ETHER
BASIC WATER PORAT
i AT EVAPORATE EVAPORATE  FREEZE |DRY
NO. 1 ACIDIC WATER BASES NOT FLAME TEST
SOLUBLES SOLUBLE IN FOR ORGANICS
1.1 MeOH/H,0
FREEZE DRY NO.3 NO.4 NO.5
Y
FLAME TEST DRY W/ MgSO4
FOR ORGANICS
NO. 2 NEUTRAL OILS
NO. 6
DIVIDE INTO J EQUAL HALVES
NO. 6A NO. 6B
N, AT § 59°C
VOLATILES oiL
LIQ|N,
OILS BOILING OILS BOILING>59+10C
=59+1°C CHROMATOGRAPH 1/5
(20¢)
NO. 7A NO. 8A
COLUMN (40 X 1.8 cm 1D) | PACKED W/70 g BIOSIL A
AND 70 g BIORAD | NEUTRAL ALUMINA GEL
250 mi 300 mi 250ml 1:1:3
600 mi 1 200 ml
(400 mi) 5% BENZENE IN m,,_;’;,t,?i:éme N OH:ETHER: MeOH
n-PENTANE - n-PENTANE MeOH
T B U N R N | N U | i i 1 1 R | 1 . 1 _J
) 10 20 30 40 50 60 70

Ll on® wm WER e
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20-m| FRACTIONS COLLECTED
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Figure 1 - Analysis

of Fuel 0ils
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A portion of Fraction 8A dissolved iu an equal volume of n-pentane was placed
on a glass chromatographic column (40- x 1.8-cm ID) containing BioSil A (70 g) on
top of BioRad neutral alumina gel (70 g) in n-pentane., The column was then gradi-
ent ecluted successively with n-pentane (250 ml), 57 benzene in n-pentane (300 ml),
15% benzene in n-pentane (600 ml), 1:1:3 benzene/ether/methanol (250 ml), and
methanol (200 m) while 20 ml fractions were collected. The n-pentane was removed
at 59tloc, while the fractions containing benzene were finally heated at ~80°C to
remove the benzene,

Gas chromatograms using a 6-ft 10% silicon-rubber-UCS 982 on 80/100 WHP column
in a gas chromatograph, equipped with a flame ionization detector at ZSOOC, was
obtained on each of the fractions collected., Fractions having similar gas chroma-
tograms were combined.

The combined fractions were then analyzed by proton FT-MNR (PMR) to obtain
integrated data on the regions containing aromatic hydrogens, alkene hydrogens,

—¢H and C=C—CHx hydrogens, -CH

- hydrogens and CH, - hydrogens. The data, including

the weights of each extractionzfraction and combiied column chromatographic
fractions, are given in Tables 2 and 3 for the Paraho diesel fuel sample (SB-0)
and conventional petroleum diesel fuel sample (PA-0), respectively. The PMR data
were analyzed three ways. The first method uses the proton integration data
directly to calculate the percentages of the different types of hydrogens present
in the samples. For example, SB-O has 3.83% aromatic hydrogens, 1.44% alkenic
hydrogens, and 94.74% saturated hydrogens, whereas PA-0O has only aromatic and
saturated hydrogens of 5,68% and 94.32%, respectively. Thus, the petroleum sample

does not contain any alkene components.
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TABLE 2 ~ NMR DATA ON PARAHO-GARY WESTERN
SHALE DIESEL FUEL FRACTIONS l
|
L— q e . — . e .
: ,:\ wp b We iyt . Aromatics _ Alkenes N A / ‘\l_'ri_.’l_ll_u_'—. L
i L Fatal L Inty % |No. cA| % R, teed 7 Ne. ekl 7l . oF| 7 '(
F — R - ———— A —— —_—— - i
oo oo - 5.00 3.83] 12.70{11.9) 3.0 [ 1.64 | 2000 | 1.9] 198.0 | 94,741 92.09] 862
, ; Sl RIS ¥ RN La.6 ] 6.19] 23.18{18.4 o |- - - l2zt.2 | wssr 102,88 w16
. ' SH- toaeal 0,01 13.2] 9.45] 20.95026.3 0 - - - 1265 | 90.55] 58.84] 73.7 l{
; ! g IRIPES BRI 14,5 ] 8,980 23.02[25.0] 1.5 1o.93] 1.00 | 1.1 145.5 | 90.09| a7.67| 73.8
T { N 0Lsnol 0,39 15.0] 725 23.81{20.20 24.8 11,98 | 16.53 j14.0| 167.2 | 80.77( 77.77| 05.8
: ' sanoy | ul1s7 9509y 8.5 0 4,531 13.49/13.8] 3.5 | 1.86] 2.33 | 2.4] 175.8 | 93.61| 81.77) 838 l
‘ | e ss7e| duia | 14,2 ] 6lae0| 22.54]19.4 0 - - —| 2010 | 93.40] 93.45] &0
‘) TR 11,50 0 - - - 0 - - -1 230,2 100G.0 [107.07,100,0
l hoabea| 2708 0 - - 3.5 | 1.82] 2.33 | 2.6| 98.18| 87.91| #7.91| 97.4 I
! } GAAna 2720 Loa | 1.0a( 2,220 3.4 2.3 | 1.7 1.53 | 2.4 131.0 | 97.25) 60,93 94.2
" Lo sl 12,00 9.0 602} 14.29[17.8) 2.3 [ 1.54 ] 1.53 | 1.9] 138.2 | 92.44] 64.28] 80.3 ’
! [ waRp 143 12,1 7,740 1921|2220 1.8 [ 119 1.20 | 1.4 14205 | 91,11 6h.28] 76.5
! bl || s 19.2 11.61] 30.48|30.9 0 - - -] 1462 | 88.39f n8,00] 69.1
D NS s 18,38 60.95)43.9 0 - - -| 17005 | 81.62] 79.30] 56.5 l 1
| [ R ] Wi Lun | 74,921 504 0 - - 1 1s8.s |117.0s] 73.70] gl
! ey IR 658 120151104 .68] 53,4 0 - - -] 195.8 | 74.85] 91.07] 46.4 ! \
\ ‘ ! I . wi| 1.on 7a.s [sz.ngl126.03 61,7 0 - - ~| 168.0 | 67.91] 78.15| 38.3 }
i .) | [ )
| Covcney bl e | muLo 057,97 100 98] 67 6 0 - - 1 130.7 | e2.03] 60,790 324 l1
: -y IR R LO6LS AU A9 T8 05 Y9 0 - ~ ~| 196.5 59,211 72,791 401 1
‘i sen Pty 1,5 Y AL ERT L9 RY LD ) - - - 152.8 60561 71,07 31, E
| peeo | T DR R BRI T Y] LT 0 - - - 1833 | 76.08] w56 w9ls l
' Pleme gy ' ALY AN Is.0 9,.20] 23,81 25.7 0 - ~ -1 1480 90,80 68,84 743
T D N B BEE 1a.of 5560 1587 160 0 - - 11750 | vausa| soLa7| sils
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i ' TABLE 2 (Continued)
i
! '
'
.
R-CH3 R-CH:-R' R3CH’=C-C”x_ Ratio of
— Comment s
Int, |:3.0 [Int., [:2,0 |Int. |:1.75 CH3~:CHz-:CH,=C=CHx~
42.0114.00(105.5[52.75] 50.5/28.86 1:3.,77:2.07 Original oil sample
43.8114.60] 81,4]40.70] 95.01554.29 1:2.79:3.72 No alkenes
20,21 6,73 47.8{23.90| 58.5(33.,49 1:3.55:4,97 No alkenes, highly aromatic
30.2[10.07] 59.8129.90| 55.5{31.74 1:2.94:3,12 High aromatic content
62.0[20.67) 81,0)40.50} 24.2|13.83 1:1.96:0.67 High methyl, aromatic, alkenic content
45.0115.00| 98.6(49,30} 32.2(18.97 1:3.29:1.26 Sample placed on chromatography column
52.5(17.50(120.0(60.00] 28.5|16.29 1:3.43:0.91
38.2(12.,731192.0{96.0 0 - 1:7.56:0 Long chain saturated hydrocarhons
49.5(16.50]126.5{63.,25| 10.0] 5.71 1:3.83:0.35 Saturated hydrocarbons with some alkenes
35,5(11.83] 84.5[42.25| 11,0} 6.29 1:3.57:0.53 Saturated hydrocarbons with traces of
aromatic and alkenes
34,211.40] 68,5[34.25( 35.5120.29 ‘1:3.00:1.78 Probably about one-third hydrocarbons
33.0{11.,00| 64.5132,25] 45.0{25.71 1:2,93:2.34 Substituted benzenes
34.5(11,50] 57.5|28.75} 54.2§30.97 1:2.50:2.59 Substituted benzenes
31.5[10.50f 53.5{26.75| 85.5|48.85 1:2.65:4.65 Polycvelic armmatics
Sample lost (= small amount)
f 15.5]| 5.67] 36,5|18.25{106.5}60.86 1:3.22:10.73 ‘fore than 50% aromatic carbons
' 20.0f 6,67 47.0{23.50{128.8{73.6 1:3.52:11.,03 More than 507 aromatic carbons
i 17.6] 5.87| 37.6{18,80[112.8]64.46 1:3.20:10.98 More than 607 aromatic carbons
; 12,0| 4.00] 27.,5]13,75| 91.2|52.11 1:3.44:13.03
13.5) 4.50| 34.,5/17.251108,5;62,00 1:3.83:13.78 Two-thirds aromatic carbons
N 12,0] 4.00[ 35.6/17,80(105,2]|60.11 1:4,45:15.03 Two-thirds aromatic carbons
g 25.0| 8.33| 56.5(28.25(/101,8(58.17 1:3.39:6,98 One-half aromatic carbons
36.5112.17) 53.0[26,50| 58.5(33.43 1:2,18:2.75 One-fourth aromatic carbons, polar aromatics
z 32.2]10,73} 65,0132,50] 75,8/43.31 1:3.03:4,04 One -sixth aromatic carbons, polar aromatics
£ 14.2] 4.72] 33.5/16.75| 49.5|28,29 1:3.54:5.98 No aromatics, polar components
I Total recovery of 8A = 103%
: I 7
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TABLE 3 - NMR DATA ON CONVENTIONAL
PETROLEUM DIESEL FUEL FRACTIONS

Aromatics Alkenes Alkanes i R-CH3
sample | Weight R O bt s }— —
Traction i Total 1” Int. n No, C*} 7 1H Int.| % [Vo. C*|Z% l" Int. % No, C* 7 Int, [:3.0
S S R A O o
Pa-u L0000 12.0 | 5.68] 19.05(16.5 0 -1 - -1199.2 94,32 96,23 83.5|27.2| 9.07
pa-l D,.8RT79 | 1A 7.0 1 5.88) L1.11{17.0 0 -1 - - 112.0 { 94,12 54,11 83.0{19.0} 6.33
SRS [ S BT 0 - - - 0 - - -1 199.2 [100.0 | 96.23[100,0(29.0| 9.67
RS [P BRI 9.0 1 5.09] 14.29}15.0 0 -1 - -1 167.8 | 94.91[ 81.06) 85.0,31.3)10.43
Pa~7A [IATP o,k 8] - - - 0 -1 - - 178.5 1160.0 | 86,23 (100.0(61.5(20.50
IR ELATRIVE B PR WIS SV 67 3.47 1 10.6312,0 0 - - -] 1620 | 96,03| 78,2 | 88.050.4]16.80
1) nughe | nLle h.8 3,96 10,79f11.9 0 -1 - -] 186.8 {100.0 { 79,71 | 88.125.01 8,33
[ ST RN 0 - - - 0 -t - -1 186.8 |100.9 | 90.241{100.0(57.8([19.27
cil=16) Li.3200 (e b 0 - ~ - 0 -1 - -] 187.5 }100.0 | 90.58 [100,0}61.4{20,47
(li-1uy IRV IR 18,2 110,50} 28.89127.8 0 -1 - -] 155.2 | 89.50] 74,98 72.2(37.4[12,47
[T Aty 217 21.8 {10.36] 34.60]027.5 0 - - -1 188.6 | 89.64] 91,11 72.5|86,5(28.53
[T Abas2 o521 25,9 (11,641 40.48(30,2 0 - - -1 193.3 | 88,341 93,38} 69.838,5}12,83
(27 =3) oo ] 5,03 68,2 127,291108.25(55.2 0 -l - -] 181.7 72.71| 87.78] 44.8}131.2110.40
[IEEIERY N Lassa b 043 42,0 (24,91 66.67]55.2 0 -1 - -1 126.6 | 75.09] 61.16) 47.8711.2! 3.73
-y [P SNUN BN VIUS ) 54 .8 |24.49| 86.98(51.6 a -1 - -1 169.0 § 75.51; 81.64) 48.4112,2, 4,07
tal-uy aulnal o952 76.5 |27.62121.43(55.6 0 -1 - -] 200.5 | 72.38| 96.86{ 44.4[24.5] 8.17
1) DINIES TR It 57.8 |30.70] 91.75(59.3 0 -1 - -] 130.5 | 69.30] 63.04| 40.7]16.2} 5.40
[ G.0a73 1 0,24 90.8 [33.09[144.13(61.9 0 -1 - -| 183.6 | 66.91{ 88.70( 38.1(19.6( 6.53
[T non8a9 1 0,421 105,2 139.97 |166,98 |68 .6 0 - - - 158.0 | 60,03| 76.33| 31.4{26.2| 8,73
[RYETND! noosar | 0,42 55.5 [35.81] 88.10]64.7 0 -1 - - 99.5 { 64.19| 48,07 35.3|14.6] 4.87
=54y 0,0741 [ 0,37 55.8 |26.,22) 88,57(53.9 0 - - -] 1s7.0 | 73.78] 75.85{ 46.1[23.5| 7.83
(ra-ts) 0. 1367 1 0.68 38.0 [26.,20] A0.32(51.2 o] -1 - -1 119.0 | 75.80| 57,49] 48.8[18.0| 6.00
(hi) 0.0715] 0361 38,5 |15.34( 61.11]37.3 o -1 - -| 212.4 | 84.66|102.61} 62.7]44.8[14,93
(hH=hh) 0,1783 [ 0.89 ] 21.0 | 9.99| 33.33]26.7 0 -1 - -| 189.2 90.01| 91.40f 73.3]46.6[15.53
(66-77) 0.1331 | 0.67 0 - - - 0 -l - -1 103.6 1100,0 | 50.05}100.0f{21.8} 7.27
[ ——
Totral 173.0280 86,52

*To obtain an estimate of the No. 3 equivalent, the aromatic proton integration data were divided by
0.63, which is the average number of hydrogens per carbon in mono- to penta-cyclic aromatics, while the
alkane integrat fon data were divided by 2,07, which was the experimentally determined value found for the

original sample (PA-0) for the RCH,, R—CHZ-R' and R,CH + = C-CH, data.
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j : Table 3 (Continued)
L
f
'
RCH,-R' |R,CH, = C-CH - Ratio of |
Tnt. 2.0 | TAt.[ 71,75  |GHy-:=CHy-:-CH 4C~CH - Comment s
}
-
118.5 (59.35 53.5{30.57 1:6,53:3.37 Original oil sample (no alkenes)
40.0120.0 53,01 30.29 1:3.16:4,97 Neutral and basic 1:1 MEOH/HZO solubles
63,2 132,101 80.2{45.83 1:3.32:4.74 Acidic components soluble in MeOH/H,0
44.5122.25 1 92,0!52.57 1:2,14:5,03 Basic components soluble in MeOH/HZB
60.0[30.00| 57.0| 32,57 1:1.46:1,59 Volatiles boiling <59:1°C
80.840.20{ 30.8/17.60 1:2,39:1.05 Cleaned-up fuel oil sample
102.0]51.00 38,0121.71 1:6,12:2,61
115.0(57.50| 14.0| 8,00 1:2.98:0.42 Saturated hydrocarbons
112.6 156,301 13.51 7,01 1:2,75:0.37 Saturated hydrocarbons
57.8]28.90] 60.0]34.29 1:2,32:2.75 Substituted benzene
60,8 [30,640] 42.2{24.11 1:1,07:0.85 Substituted benzenes
48,024,001 106.8] 61,03 1:1.87:4.76 Polycyclic aromatics
36.5719.25 | 114.0{65,14 1:1.75:6.26 Polycyclic aromatics -~53% aromatic carbongd
27.6{13.80] 87.8]150.,17 1:3.70:13.45 Polycyclic aromatics
44,8122,401 99.8)57,03 1:5.50:14.0 Polycyclic aromatics
54.5027.25 1 121.5{69.43 1:3.34:8.50 Polycyclic aromatics
35.3117.65 1 79,0]45.14 1:3,27:8.36 Polycyclic aromatics
' 46,2123.10 1117.8|67.31 1:3.54:10.31 Polycyclic aromatics -60% aromatic carbons|
43.,2121.60 1 111.8163.89 1:2.47:7.32 Polycyclic aromatics 687 aromatic carbons
25.7112.85) 59.2{33.83 1:2.64:6.95 Polycyclic aromatics 65 aromatic carbons
50,0[25.00 { 83.,5{47.71 1:3,19:6.09 Polycyclic aromat ics "-50% aromatic carbons
é 46.5123.25 | 54.5)31.14 1:3.88:5,19 Polycyclic aromatics =50 aromatic carbons
: 68.2136.10 | 99.4{56.60 1:2.28:3.80 Polar aromatics
67,4133.70 | 75,2)62.97 1:2.17:2.17 Polar aromatics
] 48.8]24.40 | 33.0{18.86 1:3.36:2.59 Polar non-aromatic components
S— B U
Total recovery of BA = 957%
’ — e e e e e |:
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However, the hydrogen percentages can be very misleading because the average
number of hydrogens per aromatic carbon is only 0.63,* while the average number of
hydrogens per saturated carbon is 2.15 and 2,07 for SB-0 and PA-0, respectively,.
From the elemental analyses given in Table 1, it is clear that the major element
present is carbon, not hydrogen. To obtain an estimate of the types of carbons
present, the hydrogen integration data was divided by 0.63 for aromatics, 1.5 for
alkenes, and either 2.15 or 2.07 for SB~0 and PA-0, respectively, Now SB-0 has
11.9% aromatic carbons, 1.9% alkenic carbons, and 86.2% saturated carbon while PA-0
has 16.5% aromatic carbons and 83,5% saturated carbons. These are estimates that
include several assumptions, but it shall be shown below that the carbon percentages
are a better gauge of PAH content than the hydrogen percentages.

The third calculation presented in Tables 2 and 3 used the saturated hydrogen
data to com?ute a ratio of methyl (CH3-) carbons: methylene (-CHZ—) carbons:

methine (-?H) carbon plus any saturated group attached to aromatic or alkenic car-
hon (=C-CHX) . These ratios provide useful information on the degree of branching
in the hydrocarbon chains as well as the amount of substitution on the PAH compo-
nents, For example, fractions PA-8A (10) and PA-8A (11-16) are moderately branched
3:CH2:CH ratios of 1:2,98:0,42 and 1:2,75:0.37,

respectively, whereas SB-8A (9) 1is a mixture of long saturated hydrocarbons

saturated hydrocarbons with CH

(averaging Clé_C16) with no branching as shown by the ratio of 1:7.56:00., Except
for some alkenic carbons, sample SB-8A (10-12) is similar to the corresponding
PA-8A (10) and PA-8A (11-16) because the ratio is 1:3.83:0.35. This ratio also
shows that the polynuclear aromatic hydrocarbon fractions of both the petroleum
(PA-BA (25-63)) and the shale (SB-8A (39-97)) samples are highly substituted with
moderately branched side chains as shown by the average ratios of 1:2,55:7.29 and
1:3.30:9.29, respectively, and the high average percent aromatic carbon content of
54.4% and 55.3%, respectively. In fact, these data suggest that in the petroleum

sample, aromatics are somewhat more branched than in the shale sample,.

*This number was obtained by taking the average H/C ratio for all possible
unsubstituted and mono-substituted mono- to penta-cyclic aromatic compounds., Multi-
ple substitution will lower the ratio still more,
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Thus, it is clear that the treatment of the data given in Tables 2 and 3 allows
many interesting conclusions without attempting the almost impossible task of iden-
tifying the specific structures. A summary of the composition of these diesel

fuels, based on Tables 2 and 3, is given in Table 4.

TABLE 4 - COMPOSITION OF THE
DIESEL FUEL SAMPLES

Percent of Sample*

Fraction, Composition SB—0 PA=0 Comments
Neutral and Basic Solubles 0.48 0.43
Acidic Components 0.01 0.28 Possible phenolics|
f  Basic Components 0.53 0.26 Possible anilines
7A Volatiles, bp <59+1°¢C 0.39 0.06 €,~Cg hydrocarbons
BA Extracted 0il Sample 95,9 97.3
% Extraction Recovery 97 .3% 98 .37

Chromatography of 8A

Forerun 0.4 0.2
Saturated Hydrocarbons 0.6 66.7
Saturated and Alkene
and Hydrocarbons 59.3 0 Trace of benzenes
Subtotal Hydrocarbons 59.9 66.7
Substituted Benzenes 10.4 7.1
PAH* 19.3 9.5
Polar Components with 8.5 1.2
Aromatics
Polar Components without 0.9 0.7
Aromatics
8A Rocovery 103% 95%
Total Aromatics 38.2 17.8

*Recovered weight percent,
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The most irportant difference between the shale and the conventional petroleum
Jdiesel fuel samples studied is the total aromatics content and PAH content. The
shale sample has 387 total aromatics of which 19.3% are potentially dangerous PAH.
The conventional petroleum sample contains only about half as much (17.87%) total

aromatics, of which 9.5% are PAH,

CONCLUSIONS

The extraction/chromatographic procedure developed has worked well with the
two diesel fuel samples studied. The acid-base cleanup procedure removes only
about 1,07 of the samples; however, about 2% of the samples were lost in the pro-
cess, mostly from drying Fraction 6 over Mgsoé. The chromatography/subsequent
analyses are particularly interesting. The petroleum sample does not have alkenes
while the shale sample contains about 2% alkenes. The acyclic hydrocarbon (straight
chain compounds) content was 67% and 60%, respectively, for the petroleum and shale
fucls, Of greatest interest is the aromatic content of the samples. The shale
sample contains about 38% aromatic rings with alkyl and some alkenic side chains,
while the petroleum sample contains only 18%, About half of these, i.e., 18.3x of
the shale sample and 9.5% of the petroleum sample, are PAH and thus may contain
some of the carcinogenic or suspected carcinogenic compounds.

It is important not to use this data to draw inferences about the composition
of shale divsel fuels made by other processes; composition is expected to vary sig-
nificantly with processing differences.

Based on the work completed here, we recommend the following:

1. Ames tests should be made on the PAH fractions to determine which frac-
tions are carcinogenic,

2. Attempts should be made to determine the quantities of unknown carcino-
penic PAH compounds, The harmful fractions should be further fractionated by gas
chromatography-mass-infrared spectometry to determine the structures of the dan-
werous compounds,

3, Studies should be made to determine the concentration levels of the dan-
gperous PAH compounds that may be present in head vapors at the various temperatures

that might be encountered aboard ship.
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4, Only one sample of each fuel type has been analyzed. Diesel fuels from
other petroleum sources and fuels from other shale and coal sources more representa-
tive of expected commercial practice should be analyzed since compositions would

I differ significantly among potential fuel sources and refining methods,

]

1://,/




v m—oy

1.

Dooley, J.E., et al, "Analyzing Syncrude from Utal Coal,' Bartlesville

REFERENCES

Energy Research Center, Report BERC/R1/75/7 (Aug 1975).

Using Gradient Elution Through Dual-Packed Silica

)

Hirsh, D.E.

’

Columns,” Anal Chem (44(6) 915 (1972).

of Individual Polynuclear Aromatic Hydrocarbons," Exxon Research and Engineering

Co.

3.

Environmental Protection Technology Series, EPA 65-2-7-069 (Aug 1974),

4,

Kelliher, J.M. and R.A. Browu, "Instrumentation and Methodology for Assay

Giger, W,

and C. Schaffner, Anal C.cm, 50, 243 (1978).

15//6

et al, "Separation of High-Boiling Petroleum Distillates

Gel/Alumina Gel Adsorption

— -

el

(RO W .L..:ih

-




= - -—— —

[T 0,

e .

© o,

s [ ] — ——e— omnmy et

Copies
1 NRL (Code 6180, Carhart)
3 NAVSEA
1 SEA 05D
2 SEA 99612

12 DTIC

INITIAL DISTRIBUTION

17

CENTER DISTRIBUTION

Copies
1

1

Code

280

283

2831

522.1

5231




e R M NN g e

=y

—— ey

- Lo e -

DTNSRDC 1SSUES THREE TYPES OF REPORTS

1 DTNSRDC REPORTS A FORMAL SERIES, CONTAIN INFORMATION OF PERMANENT TECH
NICAL VALUE THEY CARRY A CONSECUTIVE NUMERICAL IDENTIFICATION REGARDLESS OF
THEIR CLASSIFICATION OR THE ORIGINATING DEPARTMENT

2 DEPARTMENTAL REPORTS A SEMIFORMAL SERIES CONTAIN INFORMATION OF A PRELIM
INARY TEMPORARY OR PROPRIETARY NATURE OR OF LIMITED INTEREST OR SIGNIFICANCE
THEY CARRY A DEPARTMENTAL ALPHANUMERICAL IDENTVIFICATION

3 TECHNICAL MEMORANDA AN INFORMAL SERIES CONTAIN TECHNICAL DOCUMENTATION
OF LIMITED USE AND INTEREST THEY ARE PRIMARILY WORKING PAPERS INTENDED FOR IN
TERNAL USE THEY CARRY AN IDENTIFYING NUMBER WHICH INDICATES THEIR TYPE AND THE
NUMERICAL CODE OF THE ORIGINATING DEPARTMENT ANY DISTRIBUTION OUTSIDE DTNSRDC
MUST BE APPROVED BY THE HEAD OF THE ORIGINATING DEPARTMENT ON A CASE-BY CASE

BASIS
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